by Butler (1) that the N-demethylated metabolites of mephenytoin and mephobarbital predominate in plasma and exert the primary antiepileptic action. Figure 2 shows a chromatogram of an ethylated extract from the plasma of an epileptic patient receiving mephenytoin, Figure 3 754-757 (1975) 4. Solow, E. B., Metaxas, J. M., and Summers, T. R., Antiepileptic drugs: A current assessment of simultaneous determination of multiple drug therapy by gas-liquid chromatography-on column methylation. J. Chromatog. Sci. 12,256(1974 is used as a buffer, and activity is determined by measuring the concentration of the product, citrulline. Kinetic studies have been performed to determine optimal pH and L-orflithifle and carbamoyl phosphate concentrations. Recovery of citrulline was studied. The upper limit of normal obtained In a study of 106 blood-bank donors was 6 U/liter. The automated procedure developed as a result of these studies, in which optimal assay conditions are used, produces a threefold increase in sensitivity and permits use of a sample volume of 1 ml.
Reichard originally described measurement of serum OCT2 activity as a specific, sensitive method of detecting hepatocellular injury (2, 3) . His findings have been confirmed, and several methods have been described for measuring OCT activity in serum.
These methods have been based on reactions resulting in either the arsenolysis of citrulline or the production of ci- formed (4) (5) (6) (7) (8) (9) (10) . The arsenolysis of citrulline reaction proceeds at a much slower-ratethan the reaction producing ci- al (11) (12) (13) (14) (15) , semi-automated (16) , and automated methods (17) (18) (19) . Snodgrass and Parry (13) and Lorentz and Wrabetz (14) described manual methods in which triethanolamine buffer and EDTA, respectively, are used. This paper presents a modification of the automated method of Strandjord and Clayson (17) , which produces athreefold increase in activity. The required sample volume has been decreased to 1 ml of serum for the enzyme and blank runs. Triethanolamine buffer with EDTA has been substituted for tris(hydroxymethyl)aminomethane buffer and optimal pH and L-ornithine, and carbamoyl phosphate concentrations have been determined.
Materials and Methods

Equipment
Several modules of an AutoAnalyzer (Technicon Instruments Corp., Tarrytown, N. Y. 10591) are used in the method described for determination of OCT activity (17) .
The tubing used in the original automated method (17) was changed as follows. The air line on the sample side of the dialyzer has been changed from 0.045 to 0.056 inch, the sample line from 0,045 to 0.035 inch, the hydrochloric acid line from 0.020 to 0.015 inch, and the ferric alum-acid antipyrine line from "acid flex" to Tygon tubing of 0,045 inch i.d.
Reagents
The tubes in the manifold influencing substrate and bufferconcentrations and alteration of pH at the end of the incubation period should be calibrated initially (17) . A convenient system for calculation of reagent concentration determined from the pumping rates of the tubes has been described previously (17) .
The concentrations listed for the first five reagents are the concentrations in the enzyme reaction mixture:
1. Triethanolamine buffer, 0.1 mol/liter, pH 7.5 at 37 #{176}C, with 10 mmol/liter of the disodium salt of EDTA. Preparation of the diacetyl monoxime, ferric alum-acid antipyrine solution, and the citruiline standards has been described previously (17) .
L-
Procedure
Specific instructions for operation of the AutoAnalyzer system in the determination of OCT activity are outlined below:
1. Reagents must be pumped for about 10 mm with the sample tube positioned in the water reservoir of the sampler to obtain a stable baseline,
is pumped in the substrate line of the manifold during the blank run. 4 . Sera are diluted with the triethanolamine buffer (without EDTA) when the OCT activity is sufficient to produce a citrulline concentration greater than 0.5 iimol/ ml.
The incubation
time for the enzyme reaction is determined as described previously (17) .
OCT activity is reported in U/liter, micromoles of citrulline produced per liter of serum, per minute, at 37 #{176}C under the conditions described: OCT (U/liter) = [citrulline formed (imol/ml)/enzyme incubation time (mm)] X 1000.
Resufts and Discussion
Several investigators (13, 14, 20, 21) have demonstrated that tris(hydroxymethyl)aminomethane and phosphate buffers inhibit OCT activity. Glycylglycine buffer was used by Joseph et al. (21) in their studies of OCT obtained from ox liver. Subsequently other investigators (13, 17, 22) have shown that the lability of carbamoyl phosphate increases in the presence of glycylglycine; hence, glycylglycine is not a suitable buffer for the determination of OCT activity.
Snodgrass and Parry (13) reported that OCT activity is in- for triethanolamine. They also studied the effect of a number of ions on OCT activity. The increase in OCT activity when EDTA is present is due in part to the chelation of various ions that have an inhibitory effect on OCT activity (14, 23) .
We conducted studies of human sera with increased OCT activity to determine optimal conditions for measuring OCT activity with triethanolamine and EDTA. Three variables-pH, L-ornithine concentration, and carbamoyl phosphate concentrations-were each varied while the other two variables were held constant. As the optimal condition for each variable was approached, the other two reagents were changed individually to determine the effect on the optimum concentration of the variable. At the completion of the study all three variables were at their optimal concentrations. We investigated the pH of the enzyme reaction mixture, using triethanolamine buffer with 10 mmol/liter of EDTA, seven such buffers being used over a pH range of 7,2 to 7.9 at 37 #{176}C. The studies demonstrated optimum activity from 7.2 to 7.6at37 #{176}C.
Snodgrass and Parry (13) reported that the optimal concentration of L-ornithine for human serum is 5 mmol/liter. In our studies L-ornithine was varied from 1 to 25 mmol/ liter, and a broad plateau of optimal concentration was ob- strates, urease, and EDTA. it is desirable to include triethanolamine buffer in the reaction mixture of the automated method to ensure adequate pH control, because of the large amount of serum present. Therefore, a study was conducted to compare the effect of triethanolamine buffer, EDTA, and a combination of triethanolamine and EDTA on OCT activity. The means and standard deviations were 12.00 ± 6.56, 12.73 ± 6.90, and 14.25 ± 8.07 U/liter, respectively. This study confirmed the report of Lorentz and Wrabetz (14) that OCT activity is increased in the presence of EDTA; however, the combination of triethanolamine and EDTA produced greater activity than either component alone. Another study of human sara comparing triethanolamine with triethanolainine-EDTA demonstrated activity of 13.39 ± 6.20 and 16.68 ± 7.98 U/liter, respectively. In addition, no difference in OCT activity was demonstrated when EDTA concentrations of 10 and 100 mmol/liter in triethanolamine were compared.
Several investigators have commented on the nonenzymatic synthesis of citrulline that occurs in the presence of carbamoyl phosphate and ornithine, the rate of which varies with temperature, pH, (24) and with the buffer solution present (13, 17, 24) . In assays for serum OCT activity this nonenzymatic production of citrulline must be considered.
In the enzyme run of the automated method described all reagents including the substrates are pumped to establish a baseline before sampling any standards or serum samples. The nonenzymatic synthesis of citrulline is represented continuously in the reagent baseline, which is set at zero absorbance. A measure of the magnitude of the nonenzymatic synthesis of citrulline under the conditions described was made by including the baseline of the enzyme run as an unknown in the blank run. The citrulline produced during the 14-mm incubation period was 0.028 mol/ ml, which would be equivalent to an OCT activity of 2 U/ liter. The citrulline that is synthesized nonenzymatically does not produce an error in the method, because the baseline of the enzyme run actually represents a reagent blank.
The within-run and between-runs precision of the method has been determined. Within-run precision was determined on replicates at three levels of enzyme activity. The results show a mean of 10,8 U/liter with a SD of 0.26 U/liter and a CV of 2.40% for the first set of 40 assays;a mean of 16.7 U/liter OCT activity with a SD of 0.40 U/liter and a CV of 2.40% for the second set of 40 assays; and a mean of 34.1 U/liter OCT activity with a SD of 0.83 U/liter and a CV of 2,43%for the third set of 46 assays.Between-run precision was determined for a period of 25 days by using aliquota of a lyophilized serum preparation reconstituted at the time of use. An additional 10-fold dilution step was required before assay, because of the high OCT activity of the lot of lyophilized control serum used during this period. The results show a mean of 25.0 U/liter with a SD of 1.51 U/liter and a CV of 6.04%.Some commercially prepared lyophilized serum samples contain OCT activity and can be used as controls for this method. However, marked variation in OCT activity has been noted between lots, and in some preparations there is no measurable activity.
Dilutions of two human sera with high OCT activity were prepared to determine if zero-order kinetics were maintained during the reaction period. The results showed that zero-order kinetics are maintained up to a product concentration of at least 0.54 jmol/ml of citrulline. it is not necessary to determine whether linearity continues beyond this point, because the most concentrated citrulline standard used is 0.5 umol/ml.
The recovery of citrulline added to serum was determined by the modified method in a manner similar to the OCT, U/lifer Fig. 1 . Frequency distribution of OCT activity in 106 adult blood bank donors study described previously (17) . Four determinations at each of four added concentrations of citrulline produced the following results. Mean recoveries were 100% at 0.01 ,imol/ml, 102% at 0.05 mol/ml, 98.2% at 0.15 Mmol/ml, and 99.9% at 0.25 imol/ml.
The OCT activity of 23 sera were determined by the original automated method of Strandjord and Clayson (17) and the improved method described here. The means of the sara assayed with the two methods were 9.1 U/liter and 23.1 U/liter, respectively. The results represent a threefold increase in sensitivity. The correlation coefficient was 0.96, and the slope was 0.344 as determined by the least-squares regression equation.
A previous study of OCT activity in 276 blood bank donors by using tris(hydroxymethyl)aminomethane buffer suggested an upper limit of normal of 2 U/liter for women and 2.3 U/liter for men, with no significant change between 20 and 60 years of age (17) . Since the OCT activity as determined with triethanolamine-EDTA in the revised method is about threefold that determined with the original method, one would expect an upper limit of normal of 6 U/liter with triethanolamine-EDTA. This is confirmed in the study of 106 blood bank donors illustrated in Figure 1 .
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